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beam CT (CBCT) images, for use in prostate external beam 
radiotherapy (EBRT) with elective pelvic nodal irradiations. 
 
Material and Methods: CBCT images from 20 patients 
undergoing radical EBRT to the prostate and pelvic nodes 
were analysed. Each patient had an average of 5 CBCT 
images (range= 4 – 7) acquired during their treatment. 
Eclipse (version 13.5) was used to contour the pelvic nodal 
volumes on the CBCT images and to rigidly register the 
images to the original planning CT (pCT). Two different 
image-registration protocols were investigated; a bone match 
and a soft tissue match to the prostate. All CBCT contours 
were transferred to a single structure set, accounting for 
translational shifts in the registration. Boolean logic tools 
were used to create two composite volumes based on the 




Figure1 (a) displays an example axial CT view of CTV contours 
on the original pCT together with individual prostate-
matched CBCT CTVs and their corresponding composite 
structure. The structures were compared to the original CTV 
with a uniform margin (0 – 8 mm) applied to generate a PTV. 
The percentage overlap of the PTV with the composite 
structures was used to quantify agreement and compare the 
two registration types. A Mann-Whitney U test was used to 
evaluate the significance of differences between the 
distributions of percentage overlap values for the two match 
options. The margin required to achieve 95% overlap of the 
grown PTV with each composite volume was interpolated 
from these results and used to estimate a CTV-PTV margin for 
each match. 
 
Results: Figure1 (b) displays box-whisker plots for the 
percentage overlap values from each ofthe CTV-PTV margins 
for the 20 patients. As expected, a better overlap was 
generally achieved with a bone match. Results of statistical 
tests are also included in the plot, where it is observed that 
the difference between the two distributions is statistically 
significant (p< 0.05) for all margins ≤ 6 mm. 
Table 1 summarises results obtained for the sample studied, 
including an estimate ofthe margins required to achieve 95% 
overlap with the composite structures for 90% of patients. 
These margin values were calculated assuming a normal 
distribution for the frequency of margin size required to 
achieve 95% overlap. 
 
 
Conclusion: Using the simple approach outlined, CTV-PTV 
margins of 6 or 7.5 mm have been calculated for the external 
beam irradiation of pelvic node volumes when performing 
online matching to bone or prostate structures respectively. 
This approach is based purely on anatomical data and does 
not consider dose coverage or delineation error. The study 
involved the analysis of an average of 5 CBCT images per 




4D Cone-Beam CT reconstruction with 60s acquisition and 
60s reconstruction 
D. Hansen
1Aarhus University Hospital, Oncology, Aarhus, Denmark 
1, T. Sørensen2 
2Aarhus University, Clinical Medicine, Aarhus, Denmark 
 
Purpose or Objective: Temporally resolved cone-beam CT 
(CBCT) has many advantages when compared to 3D CBCT for 
image-guided radiotherapy of lung cancer. E.g. superior set-
up accuracy and the possibility to quantify tumour motion.  
The 4D CBCT methods currently employed clinically require 
increased scan times however. In addition, relying on filtered 
backprojection algorithms for reconstruction, 4D CBCT 
reconstructions obtain significantly lower quality than 3D 
CBCT. Several algorithms exist, which improve the image 
quality of 4D CBCT through iterative image reconstruction, 
but long reconstruction times have made them unsuitable for 
setup and online verification purposes.  
We present a novel reconstruction algorithm, which allows 
for iterative 4D CBCT reconstruction in 60s from a 60s 
acquisition. 
 
Material and Methods: 672 projections were acquired using 
the onboard imager on a Varian Trilogy linear accelerator 
using a standard 60s 3D protocol. Initially a standard FDK 
reconstruction was performed and used as starting point for 
the iterative algorithm. The respiratory signal was extracted 
using the RPCA Amsterdam shroud method and the 
projections respiratory sorted in 10 temporal bins. The 4D 
CBCT was then reconstructed using prior image constrained 
compressed sensing (PICCS) based on a novel algorithm 
combining ordered subsets, Nesterovs method, and the 
Arrow-Hurwicz algorithm for image denoising.  
Reconstruction was performed on a single GPU (Nvidia GTX 
Titan X). For comparison, we reconstructed the same data 
using the McKinnon-Bates algorithm (4D filtered 
backprojection). Both reconstructions with a voxel size of 
1x1x3 mm3. 
 
Results: The figure compares a representative axial slice 
from one temporal phase reconstructed using our fast 
iterative method and the standard 4D non-iterative method 
respectively. The standard image is contaminated by 
significant streaking artefacts and demonstrates poor tumour 
visibility. The proposed method, on the other hand, does not 
exhibit streaking and depicts the tumour clearly. The 
reconstruction time for the iterative method was 63s. 




Conclusion: The proposed iterative 4D CBCT reconstruction 
algorithm is more than an order of magnitude faster than 
other iterative algorithms described in the literature. It 
produces sharp, streak free images from standard 60s 
acquisitions used for 3D CBCT. For purposes such as patient 
setup and verification of tumour motion, the fast 
reconstruction algorithm presented enables online usage of 
4D CBCT as a part of the clinical treatment routine. 
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Purpose or Objective: Radiotherapy treatment planning for 
use with high-energy photon beams currently employs a 
binary approach when defining the PTV. Current approach 
using van Herk’s 3D margin recipe (VHMR) may require 
additional modifications if the PTV overlaps with OARs. Our 
novel approach aims to move away from the binary treatment 
of PTVs, where each voxel is categorised as either target or 
non-target, and generate PTVs with voxels that may be 
considered part PTV and part OAR, providing the optimiser 
with additional information to more easily tackle conflicting 
dose constraints. We investigate the impact of this novel 
approach when applied to prostate radiotherapy treatments, 
and compare treatment plans generated using our approach 
and VHMR.  
 
Material and Methods: Following the principles laid out in 
VHMR, only geometrical uncertainties are considered. We 
explore the use of 2D margins, motivated by the fact that 
small displacements in beam direction result in negligible 
change in dose delivered to the target. Only uncertainties 
perpendicular to the incident beam direction are considered, 
and therefore safety margins are generated for each beam 
direction. The degree of overlap of these beam specific 
margins is normalised and used to assign a weighting factor 
defined as the ratio of target-to-OAR content to a specific 
voxel. The objective function employed in the inverse 
planning process uses these local weighting factors for voxels 
of the CTV and OAR, should an overlap occur.  
Five prostate radiotherapy plans were generated using IMRT 
inverse planning. The prostate was given a prescription of 
78Gy in 2Gy fractions. Systematic uncertainties of 1.1mm, 
1.1mm and 1.5mm in the LR, SI and AP directions, 
respectively, and 2.2mm, 2.1mm, 3.2mm for the random 
uncertainties, were used. Plans were generated such that the 
static dose distribution conforms to requirements outlined in 
the PACE clinical trial.  
A verification tool was used to perform Monte Carlo 
simulations to model the cumulative dose of the ROI when it 
is displaced due to the presence of uncertainties; statistics 
from the tool are used for plan comparison.  
 
Results: We used a population of 50,000 for simulation. We 
observed a median of 96.7% and 100% of the population CTV 
receiving D98% > 95% Dpres for our approach and VHMR 
respectively. Both values are higher than the 90% population 
requirement as stated in the VHMR derivation, and this is a 
direct consequence of the imperfect conformality of the dose 
distribution. When looking at rectal doses, we observed an 
improvement of 20.2% to 89.2% of the population satisfying 
D2% < 70Gy using our method; table 1 shows the results of 




Conclusion: We observed a significant decrease of high rectal 
doses delivered whilst maintaining sufficient dose coverage 
of the CTV, though the amount of sparing depends largely on 
the patient’s anatomy and the objectives chosen for 
optimisation.  
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Purpose or Objective: This study examines the radiation-
induced changes in regional lung perfusion according to the 
dose level in the lungs in 58 NSCLC patients treated with 
chemo-radiotherapy (RT). The purpose of the study was to 
assess dose and time dependence of RT-induced changes in 
regional lung function measured with single photon emission 
computed tomography (SPECT) and establish a correlation 
with the development of radiation pneumonitis (RP). 
 
Material and Methods: NSCLC patients scheduled to receive 
RT of minimum 60 Gy were included prospectively in the 
study. Lung perfusion SPECT/CT was performed on a dual-
head SPECT/CT camera in the treatment position before and 
1, 3, 6 and 12 months after RT. Reconstructed SPECT/CT 
data were fused with the planning CT using MIM Software. 
Dose to the whole lung was segmented into regions of 0-5, 5-
20, 20-40, 40-60 and >60 Gy. Regional perfusion was 
calculated from SPECT for each dose bin. Changes (relative 
to baseline, %) in regional lung perfusion were correlated 
with regional dose. A total of 58 patients with baseline SPECT 
were treated with IMRT. Of these 51 had 1 month follow-up 
(FU) scans, 45 had 3 months scans, 34 had 6 months scans 
and 23 had 12 months scans. Toxicity was assessed 
prospectively and graded by CTC-AE version 4 for radiation 
